The complete ligand-field, Coulomb interelectronic repulsion, and spin-orbit interaction matrices have been derived for the d5 electron configuration within octahedral (Oh) and tetrahedral (Td) symmetry. The calculations were performed in both the weak-field and strong-field coupling schemes and complete agreement of the results was achieved. The energy matrices are parametrically dependent on ligand field (D q ), Coulomb repulsion (B, C ), and spin-orbit interaction (C). Correct energy diagrams are presented which display the splittings by spin-orbit perturbation as well as the effect of configuration mixing. Applications to the interpretation of electronic spectra, and to complete studies in magnetism are pointed out. The detailed behavior at the crossover of ground terms is considered.
Introduction
Recently 
Theoretical Basis
The Ham iltonian appropriate to the present study 
Here, Ö q 1 are the rationalized spherical harmonics 11
defined by their relation to the more common spheri
In the calculations to follow , two different cou pling schemes w ill be employed. These differ by the order according to which the last three terms of Eq. ( 1) are considered as a perturbation. Thus, in weak-field coupling, the sequence is 
The Coulomb operator being determined by the sum o f two-electron operators G = 2 e2/ri;-, the matrix i>i elements ( u G \v) vanish, whenever u and v differ in the coordinates o f m ore than two electrons. In the usual approach, the three cases are then distinguished where u and v are either identical or where these differ by one or by two single-electron functions 14.
In case o f equivalent electrons, the individual non vanishing matrix elements may be expressed as
Here, the reduced m atrix elements o f the irreducible tensor operators C ® are simply
the quantity in braces is the usual 6-j s y m b o llo, and the radial integrals Fk(n l,n l) may be conveniently redefined 14 in terms o f the Racah parameters
(10)
In Eq. ( 8), we have taken into account that the m atrix elements w ill be diagonal in L and S, al though off-diagonal elements may arise since they w ill not be diagonal in v.
Th e m atrix elements o f spin-orbit interaction may be written
Here, Cni is the spin-orbit coupling parameter and the reduced m atrix element o f the double tensor operator V^11) may be expressed as
In Eq. ( 12) Th e single-electron ligand field potential may be expressed in terms o f the tensor operators C^.
T h e resulting general expression fo r matrix elements o f F lf has been given elsew h ere1. In octahedral symmetry, the expansion o f V l oct in terms o f the is determined by Equation ( 2 ) . The matrix elements o f the octahedral ligand field potential then result as
( v S L J T y a \ V oct\v S' L' ] ' T ' y a )
Here , 
where the significance o f the various quantities has been discussed above.
The perturbation matrices fo r the combined Cou lomb, spin-orbit, and ligand field interactions within the d5 configuration subject to a field o f Oh sym metry may then be constructed by combination of Eq. ( 7 ) , Eq. (1 1 ), and Equation (1 3 
Strong-field Coupling
Wave Functions. Th e one-electron functions *2g(£? rl-> t ) and eg(E, 6) transform ing according to the two irreducible representations o f the octahedral group are w ell known. F iv e different (strong-field) configurations may then be set up, and these are, in * In Table X 
The terms arising from the octahedral d5 system are listed below :
(hg)5: 
The perturbation matrices fo r the combined octa hedral ligand field, Coulomb, and spin-orbit inter actions within the d5 configuration may then be con structed by using the appropriate multiples o f Eq.
( 1 8 
Intercom parison of W eak-field and Strongfield Calculations and Previou s Treatm ents
The complete perturbation matrices resulting from the weak-field and the strong-field form alism d iffer alone by a sim ilarity transformation
In Eq. ground term gives f = 347 cm-1 in M n 2+, and £~460 cm-1 has been extrapolated for Fe3+. Again the chosen value of £ is the approximate average of these two values, t The designation of terms in Fig. 1 and Fig. 2 does not imply pure configurational states. Indeed, some mixing by Cl and by spin-orbit interaction is often present. Since this mixing is dependent on Dq, the notation corresponds to the largest contribution at Dq = 3000 cm-1. For illustra tion purposes, we give below the (highest) percentage content of that eigenfunction which corresponds to the term designation given in Figure 1 . 35 ± 2.5%: cross. In this respect, the situation is sim ilar to, e. g., the octa hedral d4 configuration 27.
As can be seen from Fig. 4 , the behavior o f the tetrahedral d 5 configuration at the crossover is quite sim ilar to that in the octahedral case and is therefore not discussed here in detail. Observe that the lowest level is here a Y % and that the crossover appears, in good approxim ation, at \0 Dq = -21,300 cm -1 .
